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(54) Semiconductor device 

(57) It is an object to inaease a breakdown voltage 
of a lead frame. A primary sealing resin (41) seals the 
upper main surface of a lead frame (3) and elements 
mounted thereon. A secondary sealing resin (21) cou- 
pling the lead frame (3) and a heat sink (51) passes 
through gaps of the lead frame (3) having pattern con- 
figuration to prefect on the upper main surface side of 
the lead frame (3), The primary sealing resin (41) is in 
close contact with the projections (62). The projections 
(62) enlarge the creeping distance along the interface 
between the primary sealing resin (41) and the second- 
ary sealing resin (21) between parts of the lead frame 
(3) adjacent with gaps therebetween, so that the break- 
down voltage between those parts is increased. 
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Description 

BACKGROUND OF THE INVENTION 

Field Qfth^ Invention s 

The present invention relates to a . semiconductor 
device having a structure in which a heat radiating heat 
sink, a lead frame and a power semiconductor element 
provided thereon are sealed with a resin. 10 

Description of the Background Art 

Fig.23 is a sectional view showing the inside struc- 
ture of a conventional semiconductor device as the is 
background of the present invention. In this device 150. 
the lead frame 121 and the heat sink 127 are sealed 
with the sealing resin 120. One main surface of the lead 
frame 121 is provided with elements (not shown) and 
the heat sink 127 faces its other main surfece at an 20 
interval. 

The sealing resin 120 has a double-mold structure 
which is formed of a primary sealing resin 122 and a 
secondary sealing resin 126 composed of an expensive 
material with better heat conductivity. The primary seal- 25 
ing resin 122 includes the body 123 sealing the ele- 
ments on the lead frame 121 and the spacer portions 
124 protruding from the other main surface of the lead 
frame 121. The secondary sealing resin 126 fills the 
narrow gap between the lead frame 121 and the heat 30 
sink 1 27 to electrically insulate them and to well conduct 
the loss heat of the elements from the lead frame 121 to 
the heat sink 127. 

The secondary sealing resin 126 also covers the 
entirety of the primary sealing resin 122 including the 35 
body 123. This improves the dose contact between the 
secondary sealing resin 126 and the primary sealing 
resin 122. In order to further improve the close contact 
between the secondary sealing resin 126 and the pri- 
mary sealing resin 122, the unevenness 125 is formed 40 
in the interface between he body 123 of the primary 
sealing resin 122 and the secondary sealing resin 126. 

The spacer portions 124 exist between the lead 
frame 121 and the heat sink 127. In the process of seal- 
ing with the sealing resin 1 20. the lead frame 1 21 is first 46 
sealed up and then sealing up with the secondary seal- 
ing resin 126 is carried out. In this process of sealing 
with the secondary sealing resin 126. the spacer por- 
tions 124 interposed between the lead frame 121 and 
the heat sink 127 allow the interval and the parallelism so 
between the lead frame 121 and the heat sink 1 27 to be 
determined precisely. 

The heat sink 127 is provided with retracted sur- 
faces 128 and the lead frame 121 is bent like steps to 
enlarge the creeping distance between the lead frame ss 
121 and the heat sink 127 along the interface between 
the spacer portion 124 and the secondary sealing resin 
126 to ensure a breakdown voltage between the lead 
frame 121 and the heat sink 127 as the rated value. The 



spacer portion 124 is disposed between the retracted 

surface 128 and the part of the lead frame 121 sepa- ' 

rated away from the heat sink 127. 

The conventional device 150 constituted as 
described above has problems as follows. First, as 
shown In the partial enlarged view of Fig.24, the inter- 
face between the primary sealing resin 122 and the sec- 
ondary sealing resin 126 exists in the blanks of the lead 
frame 121. Thus, the creeping distance Q along this 
interface between parts of the lead frame 121 adjacent 
with the blank therebetween is the shortest straight ds- 
tance. As a result, it has a problem that the breakdown 
voltage in the lead frame 121 is deteriorated with peel- 
ing at the interface. 

Second, as it is not enough to provide the retracted 
surfaces 128 in the heat sink 127 to ensure the break- 
down voltage between the lead frame 121 and the heat 
sink 1 27 along the interface between the spacer portion 
124 and the secondary sealing resin 126, the lead 
frame 121 must be subjected to bending process into a 
complicated shape. This produces the problem that the 
manufacturing cost is high. 

Third, the interval between the lead frame 121 and 
the heat sink 127 is set narrow as 1mm or smaller to 
secure good thermal conductivity. This causes forma- 
tion of voids in the secondary sealing resin 126 filling 
the gap In the process of sealing with the secondary 
sealing resin 126 because the fluidity of the secondary 
sealing resin 126 f towing in the gap is bad. "mis results 
in the problem that a breakdown voltage may not be 
obtained as designed between the lead frame 121 and 
the heat sink 127. 

Fourth, the secondary sealing resin 126 mainly put 
under the lead frame 121 is composed of an expensive 
material, which causes the problem that the manufac- 
turing cost is high. That Is to say. the conventional 
device 150 has a problem that a large amount of expen- 
sive secondary sealing resin 126 is used. 

SUMMARY OF THE INVgNTIQM 

A first aspect of the present invention is directed to 
a semiconductor device which includes: a lead frame 
shaped like a sheet with electrical conductivity having 
first and second main surfaces, having pattern configu- 
ration, and having an external terminals protruding out- 
ward provided therearound; a power semiconductor 
element fixed on said first main surface; a heat sink with 
thermal conductivity provided to face the second main 
surface with a gap therebetween; and a sealing resin 
being electrically insulating and sealing the power sem- 
iconductor element, the lead frame and the heat sink. 

According to the present invention, in the semicon- 
ductor device, the sealing resin has a primary sealing 
resin and a secondary sealing resin with more excellent 
thermal conductivity than that of the primary sealing 
resin, the secondary sealing resin has an gap filling por- 
tion filling the gap in close contact with the second main 
surface and a projecting portion integrally coupled with 
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the gap filling portion and passing through a blank 
defined within the pattern configuration of the lead 
frame to protrude like a wall on the first .main surface 
side, and the primary sealing resin is in dose contact 
with the first main surface and buries the power semi- 
conductor element, and is in close contact with the pro- 
jecting portion. 

Preferably, according to a second aspect, the gap 
through which the projecting portion passes irKludes a 
blank portion separating parts of the lead frame requir- 
ing a highest breakdown voltage thereaaoss in the lead 
frame. 

Preferably, according to a third aspect, a thickness 
of the projecting portion at a portion passing through the 
blank coincides with a width of the blank. 

A fourth aspect of the present invention is directed 
to a semiconductor device which includesi a lead frame 
shaped like a sheet with eiectricai conductivity having 
first and second main surfaces, having pattern configu- 
ration, and having external terminals protruding outward 
provided therearound; a power semiconductor element 
fixed on the first main surface; a heat sink with thermal 
conductivity provided to face the second main surface 
with a gap therebetween; and a. sealing resin being 
electrically insulating and sealing the power semicon- 
ductor element, the lead frame, and the heat sink; 
wherein the sealing resin has a primary sealing resin 
and a secondary sealing resin with heat conductivity 
more excellent than that of the primary sealing resin; 
the primary sealing resin has a body portion in close 
contact with the first main surface and burying the 
power semiconductor element and a plurality of spacer 
portions being like projection selectively in close contact 
with the second main surface and having Its end portion 
abutting on the heat sink; the secondary sealing resin 
has a portion which is selectively in close contact with a 
region including a portion corresponding to the power 
semiconductor element in the second main surface and 
fills a portion of the gap defined between the region and 
the heat sink; and the plurality of spacer portions are 
disposed off a region required to have a highest break- 
down voltage with respect to the heat sink in the lead 
frame. 

Preferably, according to a fifth aspect, the plurality 
of spacer portions are arranged being divided at four or 
more portions. 

Preferably, according to a sixth aspect, the hedt 
sink has a flat surface facing in parallel to the region 
including the pation corresponding to the power semi- 
conductor element in the second main surface and a 
retracted surface retracted from the flat surface and 
abutting on the plurality of spacer portion. 

A seventh aspect of the present invention is 
directed to a semiconductor device which includes: a 
lead frame shaped like a sheet with electrical conductiv- 
ity having first and second main surfaces, having pat- 
tern configuration, and having external terminals 
protruding outward provided therearound; a power sem- 
iconductor element fixed on the first main surface; a 



heat sink with thermal conductivity provided to face the 
second main surface with a gap therebetween; and a 
sealing resin being electrically insulating and sealing 
the power semiconductor element, the lead frame, and 
5 the heat sink; wherein the sealing resin has a prinr^ry 
sealing resin and a secondary sealing resin with heat 
conductivity more excellent than that of the primary 
sealing resin; the primary sealing resin has a body por- 
tion in close contact with the first main surface and bur- 
ro ying the power semiconductor element; the secondary 
sealing resin has a portion filling the gap in close con- 
tact with the second main surface and a portion cover- 
ing the body portion; and the body portion has a 
projection linearly crossing from one end to the other on 
75 its surface, a top end of the projection reaching a sur- 
tece of the secondary sealing resin covering the body 
portion. 

Preferably, according to an eighth aspect, a trans- 
verse section of the projection is shaped so that one 

20 point of the top end projects from any point in the trans- 
verse section. 

A ninth aspect of the present Invention Is directed to 
a semiconductor device which Includes: a lead frame 
shaped like a sheet with electrical conductivity having 

25 first and second main surfaces, having pattern configu- 
ration, and having a external terminals protruding out- 
ward provided therearound; a power semiconductor 
element fixed on the first main surface; a heat sink with 
thermal conductivity provided to face the second main 

30 surface vifith a gap therebetween; and a sealing resin 
being electrically insulating and sealing the power sem- 
iconductor element, the lead frame, and the heat sink; 
wherein the sealing resin has a primary sealing resin 
and a secondary sealing resin with heat conductivity 

35 more excellent than that of the primary sealing resin; 
the heat sink is disposed to selectively face a region 
including a portion corresponding to the power semi- 
conductor element In the second main surface; the pri- 
mary sealing resin has a body portion in dose contact 

40 with the first main surface and burying the power semi- 
conductor element and a block portion being like a pro- 
jection selectively in dose contad with the second main 
surface; the secondary sealing resin has a portion 
seledively in close contact with the region including the 

45 portion corresponding to the power semiconductor ele- 
ment in the second main surface and filling a portion of 
the gap defined between the region and the heat sink; 
the heat sink and the block portion are arranged almost 
in parallel in a region facing the second main surface; 

so and the block portion occupies a main part of the seal- 
ing resin positioned on the second main surface side. 

Preferably, according to a tenth aspect, an end of 
the block portion is exposed to the outside. 

Preferably, according to an eleventh aspect, the 

55 block portion extends across the seating resin located 
on the second main surface side from Its one end to the 
other end along the second main surface, and the sec- 
ondary sealing resin further has a portion covering the 
body portion. 
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Preferably, according to a twelfth aspect, a part of 
an end of the block portion abuts on the heat sinK the 
part is disposed off a region facing a region required to 
have a highest breakdown voltage with respect to the 
heat sink in the lead frame, and the secondary sealing 
resin further has a portion covering the block portion. 

Preferably, according to a thirteenth aspect, the 
heat sink has a flat sur^ce facing in parallel to the 
region including the portion con-esponding to the power 
senrriconductor element in the second main surface and 
a retracted surface retracted from the flat surface and 
abutting on the block portk>n. 

Preferably, according to a fourteenth aspect, the 
primary sealing resin further has a spacer portion being 
like a projection selectively in close contact with the sec- 
ond main surface and having its end abutting on the 
heat sink, and the spacer portion is disposed off the 
region required to have a highest breakdown voltage 
with respect to the heat sink in the lead frame. 

Preferably, according to a fifteenth aspect, the sem- 
iconductor device further comprises a controlling semi- 
conductor element fixed on the first main surface for 
controlling the power semiconductor element, the body 
portion also burying the controlling semiconductor ele- 
ment. 

According to the device of the first aspect, the sec- 
ondary sealing resin filling the gap between the lead 
frame and the heat sink in close contact with the second 
main surface passes through the blank of the lead frame 
to project like a wall on the first main surface side, and 
the primary sealing resin which buries the power semi- 
conductor element in close contact with the first main 
surface is further in close contact with the projection. 
This enlarges the creeping distance along the interface 
between the primary sealing resin and the secondary 
sealing resin between parts of the lead frame adjacent 
with the blank therebetween. 

This improves the breakdown voltage between 
these parts of the lead frame, i.e., improves the insula- 
tion therebetween. Also, the improved breakdown volt- 
age allows the width of the blank of the lead frame to be 
narrowed so that the lead frame is miniaturized, which 
allows the device to be miniaturized. Furthermore, since 
the primary sealing resin is in close contact with the pro- 
jection of the secondary sealing resin, peeling is sup- 
pressed at the interface between the primary sealing 
resin and the secondary sealing resin. 

According to the device of the second aspect, the 
projection of the secondary sealing resin passes 
through the blank separating the parts of the lead frame 
which requires the highest breakdown voltage. That is 
to say, the projection is appropriately disposed in a por- . 
tion where it is required most. Accordingly, the reliability 
of the device with respect to the breakdown voltage is 
much higher. 

According to the device of the third aspect, the 
thickness of the projection at the portion passing 
through the blank coincides with the width of the blank. 
That is to say, the blank is utilized most efficiently to 



enhance the breakdown voltage, which provides the 
highest breakdown voltage between the adjacent parts 
of the lead frame with the blank therebetween. 

According to the device of the fourth aspect, since 

5 the primary sealing resin has a plurality of spacer por- 
tions interposed between the lead frame and the heat 
sink, the Interval and parallelism between the lead 
frame and the heat sink are precisely determined when 
sealing with the secondary sealing resin after sealing 

10 with the primary sealing resin Is finished. FurthernrK>re, 
since the spacer portions are disposed except in the 
region of the lead frame which is required to have the 
highest breakdown voltage with the heat sink, it is not 
necessary to apply complicated bending process to the 

75 lead frame to ensure the breakdown voltage between 
the lead frame and the heat sink. 

According to the device of the fifth aspect, the plu- 
rality of spacer portions provided being divkied at four or 
more portions facilitate the flow of the liquid secondary 

20 sealing resin when sealing with the secondary sealing 
resin. 

According to the device of the sixth aspect, the flat 
surface of the heat sink faces in parallel the region in the 
second main surface including the portion correspond- 

25 ing to the power semiconductor element and the sec- 
ondary sealing resin with excellent thermal conductivity 
is put between those facing each other, which provides 
good heat radiation efficiency. Furthermore the spacer 
portions interposed between the lead frame and the 

30 heat sink abut on the retracted sur^ce of the heat sink, 
so that the creeping distance between the lead frame 
and the heat sink is long. This enlarges freedom in 
selecting position of the spacer portions. 

According to the device of the seventh aspect, the 

35 body of the primary sealing resin which buries the 
power semiconductor element in close contact with the 
first main surface is covered with the secondary sealing 
resin, which provkjes good dose contact between the 
primary sealing resin and the secondary sealing resin. 

40 Furthermore, since the projection reaching the surface 
of the secondary sealing resin at its top end is formed 
on the surface of the body from its one end to the other, 
the projection abuts on the Inner wall surface of the 
mold when sealing the secondary sealing resin after 

45 sealing with the primary sealing resin is completed, to 
block one of the flowing paths of the liquid secondary 
sealing resin. 

As a result, the flow of the sealing resin invading the 
narrow blank between the lead frame and the heat sink 

so is limited in one direction. Accordingly, voids of the seal- 
ing resin are not liable to form in this blank and good 
electric insulation is ensured between the lead frame 
and the heat sink. 

According to the device of the eighth aspect, the 

55 transverse section of the projection is shaped so that 
one point of the top end projects more than any points 
in the transverse section, such as a triangle with a sharp 
top end. so that "burr" will not attach to the top end of 
the projection after the resin sealing process is finished. 
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Accordingly, the work process for removing the "burr** is 
eliminated, improving the efficiency of manufacturing. 

According to the device of the ninth aspect, the heat 
sink arranged to selectively face the region including the 
portion corresponding to the power semiconductor ele- s 
ment in the second main surface and the secondary 
sealing resin with excellent thermal conductivity put 
between those facing each other allow high heat radia- 
tion efficiency 

Also, the block portion forming part of the primary 
sealing resin and the heat sink are arranged almost par- 
allel on the second main surface side of the lead frame 
and the block portion occupies the main part of the seal- 
ing resin located on the second main surface side. That 
is to say, the expensive heat sink is reduced in volume 
and replaced by the inexpensive primary sealing resin. 
This reduces the manufacturing cost. 

According to the device of the tenth aspect, since 
the end portion of the block portion is exposed to the 
outside, the block portion can be used as a spacer for 
determining the interval between the lead frame and the 
heat sink by causing the end of the block portion to abut 
on the inner wall surface of the mold when sealing with 
the secondary sealing resin after sealing with the pri- 
mary sealing resin is completed. 

According to the device of the eleventh aspect, 
since the body portion of the primary sealing resin 
which buries the power semiconductor element in close 
contact with the first main surface Is covered with the 
secondary sealing resin, the close contact between the 
primary sealing resin and the secondary sealing resin is 
good. Furthermore, since the block portion extends to 
cross the sealing resin located on the second main sur- 
face side from the one end to the other along the sec- 
ond main surface, the end of the block portion abuts on 
the inner wall surface of the mold to block one of the 
flow paths of the liquid secondary sealing resin when 
sealing the secondary sealing resin after sealing the pri- 
mary sealing resin is completed. 

As a result, the flow of the sealing resin invading the 
narrow gap between the lead frame and the heat sink is 
limited in one direction. Accordingly, voids of the sealing 
resin are not liable to form in this gap. which secures 
good electric insulation between the lead frame and the 
heat sink. 

According to the device of the twelfth aspect, the 
block portion which is a part of the primary sealing resin 
is covered with the secondary sealing resin, which pro- 
vides good close contact between the primary sealing 
resin and the secondary sealing resin. Furthermore, so 
since a part of the end of the block portion abuts on the 
heat sink, the block portion functions as a spacer for 
determining the interval between the lead frame and the 
heat sink when sealing the secondary sealing resin 
after sealing the primary sealing resin. Furthermore, ss 
since the portion where the end of the block portion 
abuts on the heat sink is disposed except in the region 
facing the region of the lead frame required to have the 
highest breakdown voltage with the heat sink, it is not 



necessary to apply complicated bending work to the 
lead frame to ensure a breakdown voltage between the 
lead frame and the heat sink. 

According to the device of the thirteenth aspect, the 
flat surface of the heat sink faces in parallel the region 
including the portion corresponding to the power semi- 
conductor elem^t and the secondary sealing resin with 
excellent thermal conductivity is put between those fac- 
ing each other, which provides good heat radiation effi- 
ciency. Furthermore, since the block portion interposed 
between the lead frame and the heat sink abuts on the 
retracted surface of the heat sink, the creeping distance 
between the lead frame and the heat sink Is long. 
Accordingly, freedom is increased in selecting the posi- 
tion where the block portion abuts on the heat sink. 

According to the device of the fourteenth aspect, 
the primary sealing resin has the spacer portion inter- 
posed between the lead frame and the heat sink, which 
facilitates determining the interval and parallelism 
between the lead frame and the heat sink when sealing 
the secondary sealing resin after sealing the primary 
sealing resin. Furthermore, the spacer portion is dis- 
posed except in the region of the lead frame required to 
have the highest breakdown voltage with the heat sink, 
so that it is not necessary to apply complicated bending 
process to the lead frame to secure a breakdown volt- 
age between the lead frame and the heat sirik. 

According to the device of the fifteenth aspect, 
since it has the controlling semiconductor element for 
controlling the power semiconductor element, it is not 
necessary to connect a controlling semiconductor ele- 
ment or a corresponding circuit to the outside of the 
device. Furthermore, since the controlling semiconduc- 
tor element and the power semiconductor element are 
ananged adjacent on one lead frame, the reliability of 
operation is high. That is to say, it provides the advan- 
tage that the utility of the device is high. 

First, it is an object of the present invention to pro- 
vide a semiconductor device with no possibility of a 
decrease in insulation in the lead frame due to peeling 
at the interface between the primary sealing resin and 
the secondary sealing resin. Second, it is an object of 
the present invention to provide a semiconductor device 
capable of ensuring a breakdown voltage between the 
lead frame and the heat sink without complicatedly 
bending the lead frame. Third, it is an object of the 
present invention to provide a semiconductor device 
capable of compatibly enhancing the thermal conductiv- 
ity and the electric insulation between the lead frame 
and the h^at sink. Fourth, it is an object of the present 
invention to provide a semiconductor device capable of 
reducing the amount of expensive sealing resin with 
excellent thermal conductivity to reduce the cost. 

These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 



15 



20 



25 



30 



35 



40 



9 



EPO 777 273 A2 



10 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front sectional view of a device of a first 
preferred embodiment 

Fig.2 is a circuit diagram of the device of Fig.1 5 

Fig.3 is a plan view of the device of Fig.1 . 

Fig.4 is a perspective view of the device of Fig. 1 . 

Fig.5 is a fragmentary plan view of the lead frame of 
the device of Fig.1. 

Fig.6 is a fragmentary plan view of the lead frame of 
the device of Fig.1. 

Fig. 7 is an enlarged front sectional view of the 
device of Fig.1. 

Fig. 8 is a front sectional view of another device of 
the first preferred embodiment. 

Fig.9 is a front sectional view of a device of a sec- 
ond preferred embodiment. 

Fig. 10 is a plan view of the device of Fig.9. 

Fig. 1 1 Is a plan view of another device of the sec- 
ond preferred embodimerrt. 

Fig. 12 is a front sectional view of a device of a third 
preferred embodiment. 

Fig. 13 is a perspective view of the primary sealing 
resin of the device of Rg. 1 2. 

Fig. 14 is a front sectional view showing the resin 
sealing process of the device of Fig.12. 

Fig. 15 is a front view of the primary sealing resin of 
another device of the third preferred embodiment: 

Fig. 16 is a front view of the primary sealing resin of 
still another device of the third preferred embodiment. 

Fig. 1 7 is a front view of the primary sealing resin of 
still another device of the third preferred embodiment. 

Fig. 18 is a front sectional view of a device of a 
fourth preferred embodiment. 

Fig. 19 is a front sectional view showing the resin 35 
sealing process of the device of Fig.1 8. 

Fig.20 is a front sectional view of another device of 
the fourth preferred embodiment. 

Fig. 21 Is a front sectional view of still another device 
of the fourth preferred embodiment. 4o 

Fig.22 is a front sectional view of still another device 
of the fourth preferred embodiment. 

Fig.23 is a front sectional view of a conventional 
device. 

Fig. 24 is an enlarged front sectional view of the 45 
device of Fig.23. 

DESCRIPTION OF THE PREFERRED EMBQDU 
MENTS 

50 

1. First Preferred Embodiment. 

First, a semiconductor device of a first prefen^ed 
emtxxiiment will be described. 

55 

1-1.CircMit9trMCtMfe. 



ferred embodiment. This device 101 includes a power 
circuit 10 having a power semiconductor element mod- 
ulation-controlling the flow of the main current charged 
with supply of power to the load and a control drcuit 15 
controlling operation of the power semiconductor ele- 
nient. 

The power circuit 10 includes an IGBT element 1 1 
as a power semiconductor element and a free wheel 
diode 12. The IGBT element 11 conducts and cuts off 
(i.e.. switches) the main current flowing from the collec- 
tor electrode C to the emitter electrode E in response to 
the gate voltage signal inputted to the gate electrode G. 
This main current is supplied to an external load through 
the external terminals 5 connected to the collector elec- 
trode C and the emitter electrode E. The free wheel 
diode 12 connected to the IGBT element 11 in the 
inverseiDarallel connection serves to prevent applica- 
tion of excessive reverse current to the IGBT element 
11. 

The control circuit 15 connected to the power ciroiit 
10 through a plurality of interconnections 14 includes 
the controlling semiconductor element 16 as an inte- 
grated circuit element playing the main role in control- 
ling the IGBT element 11. together with a resistance 
element 17, a capacitance element 18, etc. These ele- 
ments form a driving circuit and a protection circuit. The 
driving circuit Is a drcuit portion in the control circuit for 
transmitting the gate voltage signal to the gate electrode 
G in response to the control signal inputted to one of the 
plurality of extemal terminals 6. The protection drcuit is 
a circuit portion for monitoring the operational environ- 
ment of the IGBT element 1 1 to prevent damage to the 
IGBT element 1 1 when an abnormality occurs. 

The protection drcuit shown in Fig.2 monitors the 
voltage between the collector electrode C and the emit- 
ter electrode E. i.e.. the collector-emitter voltage and. 
when the voltage becomes too large above a certain 
reference value, it drives the gate electrode G to cut off 
the IGBT element 1 1 irrespective of the external control 
signal. The protection circuit also monitors the weak 
current flowing in the sense electrode S in proportion to 
the main current flowing in the IGBT element 11. I.e., 
the sense current, and when the main cun-ent becomes 
too large above a certain reference value, it drives the 
gate electrode G to cut off the IGBT element 1 1 irre- 
spective of the external control signal. 

Furthermore, when an excessive voltage or an 
excessive current occurs, the protiectlon circuit of Fig.2 
transmits a signal indicating the occurrence of the 
abnormality to the outside through the external tenninal 
6. This way. the protection circuit sen/es to protect the 
IGBT element 1 1 from damage caused by an abnormal- 
ity such as an excessive voltage and an excessive cur- 
rent, for example. 

1-2. Entire Structure. 



15 



20 



25 



Fig.2 ts a circuit diagram showing the circuit struc- 
ture of a semiconductor device according to this pre- 



Rg.3 and Fig.4 are a top view and a perspective 
view seen from the bottom of the device 101, respec- 
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tively. As shown in the figures, in the device 101, the 
external terminals 5 and 6 protrude to the outside from 
the side walls of the electrically insulating sealing resin 
2. The one main surface of the heat sink 51 is exposed 
in the bottom of the sealing resin 2. When used, the 5 
device 101 is fixed to an external radiation fin having a 
flat surface. At this time, the exposed surface of the heat 
sink 51 comes in surface contact with the flat surface of 
the radiation fin to efficiently radiate the loss heat gener- 
ated in the IGBT element 11 etc. to the outside. The 
sealing resin 2 has a pair of through holes 99 so that the 
device 101 can easily be fixed to the radiation fin with 
screws. 

As shown in Fig.3. the sealing resin 2 seals the ele- 
ments of the power circuit 10 and the elements of the 
control circuit 15. As exemplified in Fig.3. the external 
terminals 5 and the external terminals 6 protrude from 
one and the other of the two opposite side walls of the 
sealing resin 2 fomiing an almost rectangular prism, 
respectively In the sealing resin 2, the control circuit 15 
occupies the region close to the external terminals 6 
and the power circuit 10 occupies the region close to the 
external terminals 5. 

Fig.1 is a front sectional view of the device 101 
taken along the line A-A in Fig.3. In the device 101, the 
various elements included in the above-described con- 
trol circuit 15 and power circuit 10 are soldered (not 
shown) in a plurality of positions on the sheet-like lead 
frame 3 substantially formed of a metal with good elec- 
tric conductivity such as copper. The lead frame 3 has 
the pattern configuration, which forms the interconnec- 
tidn pattern 4 of the control circuit 15 and the power cir- 
cuit 10. including the Interconnections 14 and also forms 
the external terminals 5 arid 6. 

The heat sink 51 is provided to face the bottom 
main surface of the lead frame 3 on the opposite side to 
its top main surface on which the various elements are 
provided (the element mounting surface). The heat sink 
51 is like a sheet and is substantially formed of a metal 
with good thermal conductivity such as aluminum or 
copper, for example. The sealing resin 2 seals the part 
of the lead frame 3 corresponding to the interconnection 
pattern 4. the various elements provided on the inter- 
connection pattern 4, and the heat sink 51 . The sealing 
resin 2 protects the interconnection pattern 4 and the 45 
elements thereon frOm the external moisture etc. 

As shown in Fig.1. the sealing resin 2 includes two 
parts, the primary sealing resin 41 and the secondary 
sealing resin 21. That is to say. the sealing resin 2 has 
the double-mold staicture. The primary sealing resin 41 so 
is in close contact with the top main surface of the lead 
frame 3 and buries the elements thereon. 

A small gap is provided between the lead frame 3 
and the heat sink 51 . The secondary sealing resin 21 Is 
in close contact with the bottom main surface of the lead 55 
frame 3 and it also fills the gap. The secondary sealing 
resin 21 put in this gap serves to electrically insulate the 
lead frame 3 and the heat sink 51 and to well transmit 
the loss heat generated in the IQBT element 1 1 from the 



lead frame 3 to the heat sink 51 . At the same time the 
secondary sealing resin 21 also serves to fixedly couple 
the lead frame 3 and the heat sink 51 . 

The secondary seating resin 21, which is for fiiljng 
the gap between the lead frame 3 and the heat sink 51 . 
is formed of a material with especially excellent thermal 
conductivity and fluidity in sealing as compared with the 
primary sealing resin 41 , where an epoxy resin with filler 
of silicon nitride mixed therein is selected as its material, 
for example. On the other hand, an ordinary epoxy resin 
at a relatively low price is used as the primary sealing 
resin 41 . This way, as the sealing resin 2 has two parts 
of different materials, the used amount of the expensive 
resin is reduced to reduce the manufacturing cost 

In the sealing process, after the sealing with the pri- 
mary sealing resin 41 is conrpleted and stiffness is pro- 
vided to the lead frame 3, the secondary sealing resin 
21 is subjected to sealing. This provides the advantage 
that precise adjustment of the gap between the lead 
frame 3 and the heat sink 51 , which is filled with the sec- 
ondary sealing resin 21 , is easy. 

1-3. Confiouration of the Interface of the Sealing Resin. 

As shown in Fig.1. the secondary sealing resin 21 
has the portion filling the gap between the lead frame 3 
and the heiat sink 51 as described above, and it also has 
the projections 62 projecting on the top main surface 
side of the lead frame 3 tiirough the blanks of the lead 
frame 3 having the pattern configuration. The projec- 
tions 62 are integrally coupled with the portion filling the 
gap between the lead frame 3 and the heat sink 51 . 

The primary sealing resin 41 has the concaves 61 
corresponding to the projections 62. The projections 62 
and the concaves 61 are in close contact with each 
other. In order to form the projections 62 and the con- 
caves 61 in dose contact with each other, first, certain 
parts of the primary sealing resin 41 are fornied into the 
shape of the concaves 61 in the process of sealing with 
the primary sealing resin 41. SidDsequently, it is sealed 
with the secondary sealing resin 21 and then the projec- 
tions 62 in close contact with the concaves 61 are 
formed as part of the secondary sealing resin 21 . 

Fig.5 and Fig.6 show the plane configuration of the 
projections 62. Fig.5 is a fragmentary plan of the lead 
frame 3. which particularly shows the portion forming 
the power circuit 10. In Fig.5. the portions in the inter- 
connection pattern 4 provided with the hatching and the 
characters 1 1 and 12 show portions in which the IGBT 
element 11 and the free wheel diode 12 are fixed, 
respectively. 

Fig.6 is a plan view showing the part of the lead 
frame 3 forming the control circuit 15. In Fig.6, the por- 
tion in the interconnection pattern 4 provided with the 
hatching and the character 16 shows the portion in 
which the controlling semiconductor element 16 is 
affixed. 

As shown In Rg.5 and Fig.6. the projections 62 are 
disposed in the blanks of the lead frame 3. That is to 
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say. the projections 62 are formed just like barriers 
which separate parts adjacent each other with the 
blanks therebetween in the lead frames. As exemplified 
In Fig.5 and Fig.6, the projections 62 do not necessarily 
have to be formed to fill the entirety of the blanks of the 5 
lead frame 3. It is sufficient that they are formed 
between adjacent parts of the lead frame 3 which are 
required to have a high breakdown voltage thereac- 
cross corresponding to the rated voltage of the device. 

Fig. 7 is a sectional view showing the projection 62 10 
being enlarged. As shown in Fig.7. the projection 62 is 
formed in the blank Interposed between the two parts of 
the lead frame 3 required to have a high breakdown 
voltage. As a result, the creeping distance E along the 
interface of the primary sealing resin 41 and the sec- 75 
ondary sealing resin 21 between the two parts is longer 
than the creeping distance Q in the conventional device 
shown in Fig.24. 

Accordingly, even if peeling is caused at the inter- 
face between the primary sealing resin 41 and the sec- 20 
ondary sealing resin 21. the breakdown voltage of the 
two parts of the lead frame 3 separated by the projec- 
tion 62 maintains a value of or above a certain value 
corresponding to the rated voltage. In this way, the 
device 101 has the advantage that the breakdown volt- 2S 
age» or insulation, of the lead frame 3 is improved. 

Under the lead frame 3, the heat sink 51 is adjacent 
to it at a small interval. Above the lead frame 3. the pri- 
mary sealing resin 41 Is formed relatively thick. In the 
device 101 , utilizing this condition, the secondary seat- 30 
ing resin 21 protrudes above the lead frame 3 to 
enhance the breakdown voltage in the lead frame 3 
while maintaining the good thermal conductivity 
between the lead frame 3 and the heat sink 51 . 

The device 101 in which the interface between the 3S 
primary sealing resin 41 and the secondary sealing 
resin 21 has engagement of the projections 62 and thee 
concaves 61 further has the advantage that the peeling 
itself is not liable to occur at the interface between the 
primary sealing resin 41 and the secondary sealing 40 
resin 21 . To suppress the peeling at the interface, it is 
preferred that the projections 62 and the concaves 61 
are appropriately formed also between adjacent parts of 
the lead frame 3 which does not require a high break- 
down voltage. 45 

Furthermore, in the device 101. as formation of the 
projections 62 and the concaves 61 increases the 
breakdown voltage in the adjacent portions of the lead 
frame 3. the blanks formed in the lead frame 3 can be 
made smaller in thickness. That is to say, the pattern of so 
the lead frame 3 can be made finer to downsize the 
device. 

Moreover, as respectively exenplrfied In Fig.1, 
Fig.5 to Fig.7. the projection 62 is formed in close con- 
tact with the parts of the lead frame 3 which are sepa- 55 
rated with a blank therebetween. That is to say. In order 
to increase the breakdown voltage in the adjacent parts 
of the lead frame 3. the blank therebetween is utilized to 
the maximum. This provides the highest breakdown 



voltage. This is especially advantageous in miniaturiz- 
ing the lead frame 3. 

Preferatrfy. as shown in Fig.7. so-called "extraction 
slope" is formed on the side surface of the projection 62. 
That is to say. the side surface of the projection 62 is 
somewhat inclined with respect to the vertical plane so 
that the projection 62 becomes smaller as it gets closer 
to the end. Accordingly, the moW used when mokJing 
the primary sealing resin 41 can be easily extracted 
after molding. That is to say, rt ^cilitates the manufoctur- 
ing process of the device. 

1 -4. Another Example of Conf iouration of the Projection. 

Fig. 8 is a front sectional view of a semiconductor 
device with projections 62 different in shape from those 
in the device 101 . In this device 102, the primary sealing 
resin 42, the secondary sealing resin 22. the concaves 
63 and the projections 64 con-espond to the primary 
sealing resin 41. the secondary sealing resin 21, the 
concaves 61 and the projections 62 In the device 101, 
respectively. While the projection 62 is shaped as if it 
was inserted in close contact in the blank of the lead 
frame 3 In the device 101, the projection 64 of the 
device 102 is shaped as rf it was inserted in the blank of 
the lead frame 3 with play. That is to say, the thickness 
of the projection 64 Is set smaller than the width of the 
blank of the lead frame 3. 

Hence, in the device 102, the required amount of 
the expensive secondary sealing resin is reduced as 
compared with the device 101 having the same lead 
frame 3. That is to say, it provides the advantage that 
the manutecturing cost is low. 

2. Second Preferred Embodiment. 

Fig.9 is a front sectional view of a semiconductor 
device according to a second preferred embodiment. In 
this device 103. like the device 101, the sealing resin 2 
has the double-mold structure. The primary sealing 
resin 43 has a plurality of spacer portions 81 selectively 
in close contact with the lower main surface of the lead 
frame 3 and protruding downward. These spacer por- 
tions 81 are interposed between the lead frame 3 and 
the heat sink 52. This allows the interval and the paral- 
lelism between the lead frame 3 and the heat sink 52 to 
be precisely determined when sealing with the second- 
ary sealing resin 23. 

On the upper main surface of the heat sink 52 fac- 
ing the lead frame 3, the flat surfiace 71 at a small inter- 
val from the lead frame 3 and the retracted surfaces 72 
and 73 retracted from the flat surface 71 are formed like 
steps. The ends of the spacer portions 81 abut on the 
i'etracted surfaces 72 and 73. That is to say, the interval 
between the lead frame 3 and the heat sink 52 is larger 
in the portions where the spacer portions 81 are inter- 
posed. 

Fig. 10 is a plan view of the device 103 showing 
arrangement of the spacer portions 81 . Fig.9 described 
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above corresponds to a sectional view along the line C- 
C in Flg.10. The portions shown by the reference char- 
acter 81 with hatching show the regions occupied by the 
spacer portions 81 in the lower main surface of the lead 
frame 3. As shown in Fig.10, the spacer portions 81 are 5 
selectively provided in portions of the lead frame 3 
which do not require a high breakdown voltage with 
respect to the heat sink 52 and where heat generating 
elements such as the IGBT element 1 1 are not fixed, 
such as' in the portion where the controlling semicon- w 
ductor element 16 is fixed. 

Returning to Fig.9. the flat surface 71 Is disposed to 
include the region right facing the heat generating ele- 
ments such as the IGBT element 1 1 in the upper main 
surface of the heat sink 52. The interval between the flat is 
surface 71 and the lead frame 3 is set to a limited small 
value, similarly to the interval between the upper main 
surface of the heat sink 51 and the lead frame 3 in the 
device 101, to keep the thermal conductivity good 
between the lead frame 3 and the heat sink 52. 20 

In this way, in the device 103 where the spacer por- 
tions 81 are selectively provided in portions of the lead 
frame 3 which do not require a high breakdown voltage 
with respect to the heat sink 52. it Is not necessary to 
have the creeping distance long between the lead frame 25 
3 and the heat sink 52 along the interface between the 
spacer portions 81 and the secondary sealing resin 23. 
This removes the necessity of bending the lead frame 3 
like steps as In the conventional device 150. 

Furthermore, the spacer portions 81 are disposed so 
off the portions of the lead frame 3 where heat generat- 
ing elements such as the IGBT element 1 1 are fixed, 
and accordingly the flat surface 71 is disposed in the 
region right facing the heat generating elements, which 
maintains good heat radiation efficiency. 35 

Moreover, as exemplified in Rg.9, in the device 103. 
the secondary sealing resin 23 buries inside not only 
the spacer portions 81 but also other portions of the pri- 
mary sealing resin 43. i.e.. the body portion 82 covering 
the upper main surface of the lead frame 3. That is to 40 
say, the entirety of the primary sealing resin 43 is cov- 
ered with the secondary sealing resin 23. and no part of 
the interface between the primary sealing resin 43 and 
the secondary seating resin 23 is exposed to the out- 
side. Accordingly, the close contact between the pri- 45 
mary sealing resin 43 and the secondary sealing resin 
23 is especially excellent. 

The arrangement pattern of the spacer portions 81 
is not limited to the arrangement like a large number of 
isolated islands as shown in Fig. 10. As shown in the so 
plan of Fig.1 1 , for example, it may be arranged like two 
bands along the two lines of external terminals 5 and 6. 
The arrangement of Fig.10 can ensure the flow path of 
the secondary sealing resin 23 everywhere in the proc- 
ess of sealing of the secondary sealing resin 23. which ss 
is preferred to keep the flow of the secondary sealing 
resin 23 good. K is preferred to divide the spacer por- 
tions 81 at least In four parts to precisely determine the 
interval and parallelism between the lead frame 3 and 



the heat sink 52 and to enhance the fluidity of the sec- 
ondary sealing resin 23. 

In the device 103. steps are formed on the upper 
main surface of the heat sink 52 with the spacer por- 
tions 81 abutting on the retracted surfaces 72 and 73, 
but the device may be constituted so that the upper 
main surface of the heat sink 52 has no step like the 
heat sink 51 (Fig.1). with the spacer portions 81 inter- 
posed in the small gap between the lead frame 3 and 
the upper main surface of the heat sink 52. 

However, the configuration of the spacer portions 
81 abutting on the retracted surfaces 72 and 73 has the 
advantage that the positions of the spacer portions 81 
can be enlarged to the region in the lead frame 3 where 
a breakdown voltage at a certain degree is required with 
respect to the heat sink 52. That is to say, this increases 
the freedom in selecting positions of the spacer portions 
81. 

3. Third Preferred Embodiment. 

ng.12 is a front sectional view of a semiconductor 
device of the third preferred embodiment. In this device 
105. like the device 103 etc.. the sealing resin 2 has the 
double-mold structure. The secondary sealing resin 24 
is put not only under the lead frame 3 but it also covers 
the surface of the primary sealing resin 44 which buries 
the elements on the lead frame 3. The primary sealing 
resin 44 has a projection 83 with a triangular cross sec- 
tion (transverse section) on Its upper surface. The top 
end of the projection 83 reaches the outer surface of the 
secondary sealing resin 24. 

Rg.13 is a perspective view of the primary sealing 
resin 44. As shown in Fig.1 3, the primary sealing resin 
44 has a body portion 82 almost like a rectangular prism 
for burying the elements and the projection 83 with a tri- 
angle section formed like a line crossing its upper main 
surface from one end to the other. This projection 83 
serves to direct the flow path of the secondary sealing 
resin 24 in one direction in the sealing process of the 
secondary sealing resin 24. 

ng.14 is a sectional view showing the sealing proc- 
ess of the secondary sealing resin 24. This second step 
of sealing is performed by using the upper mold 34 hav- 
ing the cavity 35 and the lower mold 31 having the cavity 
32. During this process, the heat sink 51 is located on 
the bottom of the cavity 32. The liquid sealing resin 98 is 
injected through the injection path 33 and heated to be 
hardened to complete the sealing with the secondary 
sealing resin 24. 

In the process of iryecting the liquid sealing resin 
98. the sealing resin 98 flows above and under the lead 
frame 3. The sealing resin 98 flowing above is blocked 
at the projection 83 because the projection 83 abuts on 
the inner wall surface of the cavity 35. The sealing resin 
98 flowing below passes in the narrow gap between the 
lead frame 3 and the heat sink 51 to further flow to 
above the lead frame 3. The flow is stopped at the pro- 
jection 83 (on the deeper side seen from the injection 
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path 33). 

In this way, one of the two flow paths of the sealing 
resin 98 leading to the narrow gap between the lead 
frame 3 and the heat sink 51 is blocked because the 
inner wall surface of the cavity 35 and the projection 83 5 
abut on each other. As a result, the flow of the sealing 
resin 98 filling the gap between the lead frame 3 and the 
heat sink 51 is limited in one direction. Hence, voids of 
the sealing resin 98 are not liable to form in this narrow 
gap. and electric Insulation is ensured as designed 
between the lead frame 3 and the heat sink 51 . That is 
to say. the reliability of the device is increased. 

The sectional form of the projection 83 is not limited 
to the triangular form exemplified in Fig. 12 etc. For 
example, the projection 83 may be replaced by the pro- 
jection 84 with a trapezoidal cross section shown in 
Fig. 15, or by the projection 85 with an arc cross section 
shown in Fig.16, or it may be replaced by the projection 
86 with a rectangular cross section shown in Fig. 17. 
With the projection 83 with the triangular ctoss section 
or the projection 85 with the arc cross section, "burr" of 
resin is not liable to attach to the top end of the projec- 
tion 83, 85 after the two steps of resin sealing is fin- 
ished, which have the advantage that the 
postprocessing is simple. Especially, the projection 83 
with the triangular sectional form is excellent. The pro- 
jections 84 and 86 which come in surface contact with 
the Inner wall surface of the cavity 35 are superior to 
other projections 83 and 85 in respect of the functiori of 
fc)locking the flow path of the sealing resin 98. 

4. Fourth Preferred Embodiment. 

Fig. 18 is a front sectional view of a semiconductor 
device of the fourth preferred embodiment. In this 
device 106, like the device 103 and the like, the sealing 
resin 2 has the double-mold structure. The primary 
sealing resin 45 has the spacer portion 81 and the pro- 
jecting block portion 87 which are in close contact with 
the lower main surface of the lead frame 3. in addition to 
the body portion 82 which buries the elements on the 
lead frame 3. The secondary sealing resin 25 Is not only 
put under the lead frame 3 but it also covers the surface 
of the body portion 82 of the primary sealing resin 45. 

In the device 106. the heat sink 53 is not provided 
to face the almost entire region of the part of the lead 
frame 3 corresponding to the interconnection pattern 4, 
but it is provkjed to face the limited region including the 
portion where the heat generating elements such as the 
IGBT element 1 1 are fixed. The block portion 87 Is dis- 
posed adjacent or close to the end of the heat sink 53 so 
that it fills the region under the lead frame 3 where the 
heat sink 53 does not exists. Accordingly, the block por- 
tion 87 occupies the main part of the sealing resin 2 pro- 
vided under the lead frame 3. 

The end of the spacer portion 81 abuts on the 
retracted surface 72 of the heat sink 53, but the bottom 
of the block portion 87 is exposed alongside of the heat 
sink 53 in the bottom of the device 106. That Is to say. 



the heat sink 53 and the block portion 87 are arranged 
in parallel under the lead frame 3. In this way, in the 
device 106. the heat sink 53 is reduced in volume while 
maintaining the good radiation efficiency of loss heat 
generated from the IGBT element 11 etc., and it is 
replaced by the low-priced block portion 87, not by the 
secondary sealing resin 25. Accordingly the device 106 
reduces the manufacturing cost. 

It is preferred that the block portion 87 is formed like 
a bar crossing from one end to the other of the sealing 
resin 2 (along the direction vertical to the paper of 
Fig. 18). Then the block portion 87 also serves to direct 
the flow path of tiie secondary sealing resin 25 into one 
direction in the sealing process with the secondary seal- 
ing resin 25. like the projection 83 of the tiiird preferred 
embodiment. 

Fig. 1 9 is a sectional view showing the sealing proc- 
ess of tiie secondary sealing resin 25. In the process of 
injecting the liqukl sealing resin 98, the sealing resin 98 
flows separated above and below the lead frame 3. The 
sealing resin 98 flowing above is blocked before the 
block portion 87 (at the upper surface of the block por- 
tion 87). The sealing resin 98 flowing below passes in 
the narrow gap between the lead frame 3 and the heat 
sink 53. The sealing resin 98, passing in this gap. is 
blocked before the block portion 87 (at the side wall of 
the block portion 87). 

In this way, although the secondary sealing resin 25 
covers the surface of the body portion 82 of the primary 
sealing resin 45. the flow of the sealing resin 98 filling 
the gap between the lead frame 3 and the heat sink 53 
is limited in one directbn. Accordingly, voids of the seal- 
ing resin 98 are not liable to form in tiiis narrow gap, and 
electric insulation is ensured as designed between the 
lead frame 3 and the heat sink 53. That is to say. the reli- 
ability of the device Is increased. 

Furthermore, tiie block portion 87 abutting on the 
inner wall surface (bottom) of the cavity 32 of the lower 
moid 31 on its bottom surface also functions as a spacer 
portion for determining the interval between the lead 
frame 3 and the heat sink 53 placed on tiie inner wall 
surface of the same cavity 32. That is to say, the block 
portion 87 cooperates with the spacer portion 81 to pre- 
dsely determine the interval and parallelism between 
the le^ frame 3 and the heat sink 53 when sealing witii 
the secondary sealing resin 23(98). 

The block portion 87 is preferably disposed at an 
Interval from the heat sink 53 as shown in Fig. 19. This 
enlarges the creeping distance between ttie lead frame 
3 and the heat sink 53 along the interface between the 
block portion 87 and the secondary sealing resin 25 so 
that a certain breakdown voltage can be kept therebe- 
tween. This Is especially important when the block por- 
tion 87 is shaped to cross from one end of the sealing 
resin 2 to the other. 

It Is the same as tiie second prefen-ed embodiment 
that it is prefen-ed that the ^cer portion 81 is divided 
like isolated islands to ensure the flow path of the seal- 
ing resin 98. 
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Next, some modified examples of the device 106 
will be described. In the device 107 exemplified in 
Fig.20, the block portion 88 which is a part of the pri- 
mary sealing resin 46 is covered with the secondary 
sealing resin 26. A part of the bottom of the block por- 
tion 88 abuts on the retracted surface 74 of the heat sink 
54 to function as a spacer portion and function to block 
the flow path of the sealing resin 98. 

In order to enlarge the creeping distance between 
the lead frame 3 and the heat sink 54, at least the part 
of the block portion 88 which abuts on the heat sink 54 
is disposed except in the region facing the region in the 
lead frame 3 which requires a high breakdown voltage 
with the heat sink 54, similarly to the spacer portion 81 . 

In this device 107» as the surface of the primary 
sealing resin 46 including the block portion 88 is cov- 
ered with the primary sealing resin 26. the close contact 
between the primary sealing resin 46 and the second- 
ary sealing resin 26 is excellent. Also, the heat sink 54 
and the block portion 88 are arranged almost parallel 
below the lead frame 3, though they overlap in part, and 
the block portion 88 occupies the main part of the seal- 
ing resin 2 under the lead frame 3. This provides the 
effect of reducing the manufacturing cost similarly to the 
device 106. 

In the device 108 shown in Fig.21. the secondary 
sealing resin 27 does not cover the surface of the body 
portion 82 of the primary sealing resin 45, but it is put 
only under the lead frame 3. In this case, the block por- 
tion 87 is not required to have the function of blocking 
thje flow path of the sealing resin 98. Accordingly, the 
block portion 87 may be divided like islands, for exam- 
ple. That is to say it provides the advantage that the 
freedom is large in designing the block portion 87. 

The device 108 also provides the effect of reducing 
the manufacturing cost, like the device 106. Further- 
more, as the secondary sealing resin 26 required to 
cover the surface of the body 82 is reduced, the manu- 
facturing cost is further reduced. 

In the device 109 shown in Fig.22, similarly to the 
device 108. the secondary sealing resin 28 is put only 
under the lead frame 3. It is. however, characteristically 
different from the device 108 in that the spacer portion 
81 as a part of the primary sealing resin 47 is not pro- 
vided between the lead frame 3 and the heat sink 55. 
This device 109 in which the heat sink 55 and the block 
portion 87 are an-anged almost parallel to each other 
under the lead frame 3 and the block portion 87 occu- 
pies the main part of the sealing resin 2 under the lead 
frame 3 also provides the effect of reducing the manu- 
facturing cost, similarly to the device 106. 

5. Modified Examples. 

(1) Although the preferred embodiments described 
above have exemplified devices constituted to Indi- 
vidually solve the plurality of problems of the con- 
ventional device 150. the characteristic points of the 
respective preferred emtxxiiments can generally be 



applied in appropriate combination. For example, it 
is possible to make a device having the projections 
62 (Fig.1) of the first preferred embodiment, the 
spacer portions 81 (Fig.9) of the second preferred 
5 embodiment, and the projection 83 (Rg.13) of the 
third preferred embodiment, 
(2) Although the above-described preferred embod- 
iments have shown preferred examples in which the 
control circuit 15 forms a driving circuit and a pro- 
10 taction circuit, generally, the elements included in 
the control circuit 15 such as the controlling semi- 
conductor element 16 may form only the driving cir- 
cuit. In this case, in the circuit diagram of Rg.2. the 
IGBT element 1 1 does not need the sense elec- 
15 trode S. In the plurality of interconnections 14, the 
interconnections coupling the collector electrode C 
and the sense electrode S with the control circuit 1 5 
are not required. Furthernrxjre, parts of the external 
terminals 6 are not required. 

20 

Furthermore, generally, it can be applied to a semi- 
conductor device having only the power circuit 10 but no 
control circuit 15. Moreover, it is also applicable to a 
semiconductor device having only the power semicon- 
25 ductor element such as the IGBT element 1 1 as a circuit 
element. 

In the various figures of the drawings, for exanrple 
Fig: 9, reference signs 13 and 19 designate connection 
wires In order to connect the IGBT element 1 1 and the 

30 controlling semiconductor element 16. respectively, with 
corresponding terminals on the lead frame 3. 

While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and 
not restrictive. It is understood that numerous other 

35 modifications and variations can be devised without 
departing from the scope of the invention. 

Claims 

40 1 . A semiconductor device, comprising: 

- a lead frame (3) shaped like a sheet with elec- 
trical conductivity having first and second main 
surfaces, having a pattern configuration, and 

45 having external terminals (5, 6) protruding out- 

ward provided therearound; 

- a power semiconductor element (11) fixed on 
the first main surface; 

- a heat sink (51) with terminal conductivity pro- 
50 vided to ^ce the second main surface with a 

gap therebetween; and 

- a sealing resin (2) being electrically insulating 
and sealing the power semiconductor element 
(10), the lead frame (3), and the heat sink (51); 

55 - wherein the sealing resin (2) has a primary 
sealing resin (41 . 42) and a secondary sealing 
resin (21, 22) with more excellent thermal con- 
ductivity than that of the primary sealing resin 
(41.42). 
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the secondary sealing resin (21 , 22) has a gap 
filling portion filling the gap in close contact with 
the second main surface and a projecting por- 
tion (62. 64) integrally coupled with the gap fill- 
ing portion and passing through a blank 5 
defined within the pattern configuration of the 
lead franne (3) to protrude like a wall on the first 
main surface side, and 

the primary sealing resin (41, 42) is in close 
contact with the first main surface and buries 10 
the power semiconductor element (1 1), and is 
in close contact with the projecting portion (62, 
64), 

2. The device according to claim 1 , 15 
wherein the blank through which the projecting por- 
tion (62. 64) passes includes a blank portion sepa- 
rating parts of the lead frame (3) requiring a highest 
breakdown voltage thereacross in the lead frame 
(3). 20 

3. The device according to claim 1 or 2. 

wherein the thickness of the projecting portion (62, 
64) at a portion passing through the blank coincides 
with a width of the blank. 2s 

4. A semiconductor device, comprising: 

- a lead frame (3) shaped like a sheet with elec- 
trical conductivity having first and second main 30 
surfaces, having a pattern configuration, and 
having external terminals (5, 6) protruding out- 
ward provided therearound; 

a power semiconductor element (11) fixed on 
the first main surface; 35 
a heat sink (51-55) with thermal conductivity 
provided to face the second main surface with 
a gap therebetween; and 
a sealing resin (2) being electrically insulating 
and sealing the power semiconductor element 40 
(11), the lead frame (3). and the heat sink (52- 
55): 

- wherein the sealing resin (2) has a primary 
sealing resin (43-47) and a secondary sealing 
resin (23-28) with heat conductivity more excel- 45 
lent than that of the primary sealing resin (43- 
47): 

the primary sealing resin (43-47) has a body 
portion (82) in close contact with the first main 
surface and burying the power semiconductor so 
element (11) and a plurality of spacer portions 
(81) being like projections selectively in close 
contact with the second main surface and hav- 
ing its end portion abutting on the heat sink (5); 
the secondary sealing resin (23-28) has a por- ss 
tion which is selectively in close contact with a 
region including a portion corresponding to the 
power semiconductor element (1 1) in the sec- 
ond main surface and fills a portion of the gap 



defined between the region and the heat sink 
(52-55). and 

the plurality of spacer portions (81) are dis- 
posed off a region required to have a highest 
breakdown voltage with respect to the heat 
sink (52-55) in the lead frame (3).. 

5. The device according to claim 4, 

wherein the plurality of spacer portions (81) are 
arranged being divided at four or more portions. 

6. The device according to claim 4 or 5. 

wherein the heat sink (52-55) has a flat surface (71 ) 
facing in parallel to the region including the portion 
corresponding to the power semiconductor element 
(1 1 ) in the second main surface and a retracted sur- 
face (72-74) retracted from the flat surface (71) and 
abutting on the plurality of spacer portions (81). 

7. A semiconductor device, comprising: 

- a lead frame (3) shaped like a sheet with elec- 
trical conductivity having first and second main 
surfaces, having a pattern configuration, and 
having external terminals (5, 6) protruding out- 
ward provided therearound; 

- a power semiconductor element (11) fixed on 
the first main surface; 

- a heat sink (51) with thermal conductivity pro- 
vkJed to face the second main surface with a 
gap therebetween; and 

- a sealing resin (2) being electrically insulating 
and sealing the power semiconductor element 
(11). the lead frame (3), and the heat sink (51): 

- wherein the sealing resin (2) has a primary 
sealing resin (44) and a secondary sealing 
resin (24) with heat conductivity more excellent 
than that of the primary sealing resin (44); 

the primary sealing resin (44) has a body por- 
tion (82) in close contact with the first main sur- 
face and burying the power semiconductor 
element (10): 

the secondary sealing resin (24) has a portion 
filling the gap in close contact with the second 
main surface and a portion covering the body 
portion (82); and 

- the body portion (82) has a projection (83-86) 
linearly crossing from one end to the other on 
its surface, a top end of the projection (83-86) 
reaching a surface of the secondary sealing 
resin (24) covering the body pc^ion (82). 

8. The device according to claim 7. 

wherein a transverse section of the projection (83- 
86) is shaped so that one point of the top end 
projects from any point in the transverse sectbn. 

9. The device according to claim 7 or 8, 

wherein the shape of the transverse section of the 
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projection (83-86) is triangular (83), trapezoidal 
(84), arc-shaped (85) or rectangular (86). 

10. A semiconductor device, comprising: 

5 

a lead frame (3) shaped like a sheet with elec- 
trical conductivity having first and second main 
surfaces, having a pattern configuration, and 
having external terminals (5, 6) protruding out- 
ward provided therearound ; io 
a power semiconductor element (11) fixed on 
the first main surface; 

- a heat sink (53, 55) with thermal conductivity 
provided to face the second main surface with 

a gap therebetween; and 75 

- a sealing resin (2) being electrically insulating 
and sealing the power semiconductor element 
(1 1), the lead frame (3), and the heat sink (53- 
55); 

wherein the sealing resin (2) has a primary 20 
sealing resin (45-47) and a secondary sealing 
resin (26-28) with heat conductivity more excel- 
lent than that of the primary sealing resin (45- 

47); 

the heat sink (53-55) is disposed to selectively 25 
face a region including a portion corresponding 
to the power semiconductor element ( 1 0) in the 
second main surface; 

the primary sealing resin (45-47) has a body 
portion (82) in close contact with the first main 30 
surface and burying the power semiconductor 
element (11) and a block portion (87, 88) being 
like a projection selectively in close contact with 
the second main surface; 

the secondary sealing resin (26-28) has a por- 35 
' tion selectively in close contact with the region 
including the portion corresponding to the 
power semiconductor element (1 1) in the sec- 
ond main surface and filling a portion of the gap 
defined between the region and the heat sink 4o 
(53-55); 

- the heat sink (53-55) and the block portion (87. 
88) are arranged almost in parallel in a region 
facing the second main surface; and 

- the block portion (87, 88) occupies a main part 45 
of the sealing resin (45-47) positioned on the 
second main surface side. 



13. The device according to claim 10, 

wherein a part of an end of the block portion (88) 

abuts on the heat sink (54). 

the part is disposed off a region facing a region 

required to have a highest breakdown voltage with 

respect to the heat sink (54) in the lead frame (3), 

and 

the secondary sealing resin (26) further has a por- 
tion covering the block portion (88). 

14. The device according to claim 13, 

wherein the heat sink (54) has a ffat surface (71) 
facing in parallel to the region including the portion 
corresponding to the power semiconductor element 
(10) in the second main surface and a retracted sur- 
face (74) retracted from the flat surface (71) and 
abutting on the bk>ck portion (88). 

. 1 5. The device according to claim 1 3 or 1 4, 

wherein the primary sealing resin (46) further has a 
spacer portion (81) being like a projection selec- 
tively in close contact with the second main surface 
and having its end abutting on the heat sink (54), 
and 

the spacer portion (81) is disposed off the region 
required to have a highest breakdown voltage with 
respect to the heat sink (54) in the lead frame (3). 

1 6. The device according to any of claims 4 to 15, 
further comprising a controlling semiconductor ele- 
ment (16) fixed on the first main surface for control- 
ling the power semiconductor element (1 1), 

the body portion (82) also burying the controlling 
semiconductor element (16). 

17. The device according to any of claims 1 to 16. 
wherein the secondary sealing resin (21-28) is 
composed of an epoxy resin with filter increasing 
thermal conductivity mixed therein. 

18. The device according to any of claims 1 to 17, 
wherein the power semiconductor element (11) is 
an IGBT element 



1 1 , The device according to claim 10, 

wherein an end of the block portion (87) is exposed so 
to the outside. 



12. The device according to claim 1 1 , 

wherein the block portion (87) extends aaoss the 
sealing resin (45, 47) located on the second main 55 
surface side from its one end to the other end along 
the second main surface, and 
the secondary sealing resin (27, 28) further has a 
portion covering the body portion (82). 
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(54) Semiconductor device 

(57) It Is an object to increase a breakdown voltage 
of a lead frame. A primary sealing resin (41) seals the 
upper main surface of a lead frame (3) and elements 
mounted thereon. A secondary sealing resin (21) cou- 
pling the lead frame (3) and a heat sink (51) passes 
through gaps of the lead frame (3) having pattern con- 
figuration to project on the upper main surface side of 
the lead frame (3). The primary sealing resin (41) is in 

FIG.1 



dose contact with the projections (62). The projections 
(62) enlarge the creeping distance along the interface 
between the primary sealing resin (41) and the second- 
ary sealing resin (21) between parts of the lead frame 
(3) adjacent with gaps therebetween, so that the break- 
down voltage between those parts is increased. 
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